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'XH WR WKH ODUJHQXPEHURIFRQWUROOLQJPHWDOOXUJLFDO YDULDEOHV LW LVGLIILFXOW WRDFFXUDWHO\SUHGLFW WKHPHFKDQLFDO
SURSHUWLHVRIDOXPLQLXP[[DOOR\VIURPWKHVHYDULDEOHV$QRWKHUREVWDFOHHQFRXQWHUHGZKHQPDNLQJVXFKDSUHGLFWLRQ
LV WKH FRPSOH[ NLQHWLFV DQG LQWHUDFWLRQV WKDW H[LVW EHWZHHQ WKH PDQ\ YDULDEOHV $V D UHVXOW RI WKHVH FRPSOH[
LQWHUDFWLRQVLWLVGLIILFXOWWRHVWDEOLVKWKHUHODWLRQVKLSVWKDWH[LVWDPRQJWKHYDULDEOHV,WLVDOVRLPSRUWDQWWRDVVHVVWKH
VLJQLILFDQFHRIHDFKYDULDEOHDQGWKHLULQWHUDFWLRQVDQGOHDYHRXWWKRVHWKDWDUHQRWVLJQLILFDQW,QWKHSUHVHQWVWXG\
WZRDSSURDFKHVZHUHWDNHQWRFRUUHODWHEHWZHHQWKHPHFKDQLFDOSURSHUWLHVDQGWKHVHFRQWUROOLQJYDULDEOHV0RUHRYHU
RQO\WKHWZRPRVWFRPPRQFDVWLQJPHWKRGVLHVDQGDQGSHUPDQHQWPRXOGFDVWLQJSURFHVVHVZHUHFRQVLGHUHG

'DWDEDVH

7KH GDWD XVHG LQ WKHVH DQDO\VHVZHUH FROOHFWHG IURP SXEOLVKHG SDSHUV RQ VDQG DQG SHUPDQHQWPRXOG FDVW$
DOXPLQXPDOOR\V>@6LQFH WKHPHFKDQLFDOSURSHUWLHVDUHLQIOXHQFHGE\SRURVLW\DQG LQFOXVLRQVRQO\WKHUHOLDEOH
VRXUFHVZKHUHPHOWVZHUHGHJDVVHGDQGPHOWFOHDQOLQHVVZDVFRQWUROOHGZHUHXVHG7KHGDWDZHUHFROOHFWHGLQVXFKD
ZD\WRREWDLQDJRRGUDQJHLQGHSHQGDQWDQG LQGHSHQGHQWYDULDEOHV)RUWKHSHUPDQHQWPRXOG WKHYDOXHVRIZW6L
DQGQDWXUDODJLQJWHPSHUDWXUHUHPDLQHGFRQVWDQWDWDQGR&UHVSHFWLYHO\$VDUHVXOWWKHYDOXHVDVVRFLDWHGZLWK6L
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<6DQGXOWLPDWHWHQVLOHVWUHQJWK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FRPSRVLWLRQ JUDLQ UHILQHPHQW 6L PRGLILFDWLRQ DQG KHDW
WUHDWPHQWFRQGLWLRQVZHUHWKHPRGHOYDULDEOHV6HSDUDWHPRGHOV
ZHUH GHYHORSHG IRU <6 876 DQG (O 0RUHRYHU VDQG DQG
SHUPDQHQW PRXOG GDWD ZHUH WUHDWHG VHSDUDWHO\ DQG LQGLYLGXDO
PRGHOVZHUHGHYHORSHGIRUHDFKFDVH7KHZHLJKWSHUFHQWRI6L
&X0J)H7L6QDQG1DRU6UZHUHWUHDWHGDVWKHLQGHSHQGHQW
YDULDEOHV7KHKHDWWUHDWPHQWYDULDEOHVFRQVLVWHGRIVROXWLRQL]LQJ
WLPH DQG WHPSHUDWXUH TXHQFK WHPSHUDWXUH QDWXUDO DJLQJ WLPH
DQG DUWLILFLDO DJLQJ WLPH DQG WHPSHUDWXUH 7KH PXOWLSOH
UHJUHVVLRQDQDO\VLVZDVSHUIRUPHGXVLQJD0LFURVRIW([FHODGG
LQWKDWJHQHUDWHVDPRGHOE\XVLQJWKHOHDVWVTXDUHVPHWKRGWRILW
D OLQH WKURXJK D VHW RI REVHUYDWLRQV >@ ,Q WKH FDVH RI QRQOLQHDU DQDO\VLV D QXPEHU RI IXQFWLRQVZDV GHILQHG WR
GHVFULEHWKHUHODWLRQVKLSVEHWZHHQWKHLQSXWDQGHDFKRXWSXWYDULDEOHV/RJDULWKPLFWHUPVZHUHXVHGWRPRGHOFHUWDLQ
WUHDWPHQWFRQGLWLRQV7KHIXQFWLRQVIRUWKHQRQOLQHDUUHJUHVVLRQPRGHOZHUHLQLWLDOO\GHILQHGDFFRUGLQJWRHTXDWLRQ

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ZKHUH<LVWKHPHFKDQLFDOSURSHUW\DLELFMDQG'DUHSDUDPHWHUVİ [WRSUHYHQW/RJIURPWDNLQJSODFH
DQG[LUHSUHVHQWVWKHLQSXWYDULDEOHVZW6L&X0J)H6U1D7L6ROXWLRQL]LQJWLPHDQGWHPSHUDWXUHQDWXUDODJLQJ
WLPH DUWLILFLDO DJLQJ WLPH DQG WHPSHUDWXUH 7KH ORJDULWKPLF IXQFWLRQ ZDV PDLQO\ DGGHG WR EHWWHU FRUUHODWH WR WKH
SUHFLSLWDWLRQKDUGHQLQJWLPHRUWHPSHUDWXUH7KHSDUDPHWHUVZHUHFDOFXODWHGE\PLQLPL]LQJWKHDGMXVWHG5WKURXJKDQ
LWHUDWLYH DSSURDFK 'XH WR WKH FRPSOH[LW\ LQ GHYHORSLQJ D QRQOLQHDU PRGHO ZLWK D ODUJH QXPEHU RI YDULDEOHV WKH
QXPEHURIYDULDEOHVZDVUHGXFHGWRFUHDWHDVLPSOHUPRGHOZLWKRXWDXJPHQWLQJWKHHUURU)RUH[DPSOHDQDQDO\VLVRI
WKHSHUPDQHQWPRXOGFDVHVKRZHGWKDWWKHZHLJKWSHUFHQWRI&XDQG6QGLGQRWKDYHPXFKRIDQLPSDFWRQWKHPRGHO
DQGWKXVZHUHUHPRYHGIURPWKHPRGHO7KLVPHDQVWKDWDQ\RIWKHRWKHUYDULDEOHVPD\KDYHDODUJHULQIOXHQFHRQWKH
SURSHUWLHVDQGWKXVWKHLQIOXHQFHRI&XDQG6QLVPLQLPDORUWKHGDWDXVHGIRUWKHSUHVHQWPRGHOGLGQRWKDYHDZLGH
HQRXJK UDQJH7KH LQWHUDFWLRQVEHWZHHQYDULDEOHV DUHDOVR LPSRUWDQW LQGHYHORSLQJDQRQOLQHDUPRGHO2XUDQDO\VLV
VKRZHG WKDW WKH LQWHUDFWLRQV EHWZHHQKHDW WUHDWPHQW WLPH DQG WHPSHUDWXUH DUH FULWLFDO DQG WKHLU LQWHUDFWLRQV FDQEH
H[SUHVVHGLQWKHIRUPRI/RJ;Lİ/RJ;MİZKHUHWKHWLPHDQGWHPSHUDWXUHDUHGHQRWHGE\[LDQG[MUHVSHFWLYHO\
7KHPRGHOZLWKWKHODUJHVWDGMXVWHG5YDOXHZDVFKRVHQ
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$11LVDQLPSRUWDQWFRPSRQHQWRIPRGHUQ$UWLILFLDO,QWHOOLJHQFH$,
FRPSXWLQJZKLFKPLPLFV WKH IXQFWLRQV RI WKH KXPDQ EUDLQ DQG LV YHU\
HIIHFWLYH LQ OHDUQLQJ UHODWLRQVKLSV IURP FRPSOH[ VHWV RI GDWD >@
0DLQO\ GXH WR LWV VHOIOHDUQLQJ FDSDELOLW\ DQ $11 FDQ EH XVHG IRU
FRQVWUXFWLQJ EDVHG VROHO\ RQ REVHUYDWLRQV D PDWKHPDWLFDO PRGHO IRU
WKLQJVRIDQDWXUHZKLFKDUHQRWIXOO\XQGHUVWRRG)LJXUHLVDVFKHPDWLF
YLHZRIDJHQHUDOL]HG$11PRGHOZKHUHWKHLQSXWOD\HULVFRPSRVHGRI
IRXU QRGHV FDOOHG SURFHVVLQJ HOHPHQWV 3(V $ VHW RI GDWD VWDUWV LWV
MRXUQH\DWWKHLQSXWOD\HUDQGWKHQIORZVLQWRWKHKLGGHQOD\HURUOD\HUV
7KHPRGHOVKRZQLQ)LJXUHLVPDGHXSRIRQHKLGGHQOD\HUZLWKWKUHH
3(V DQG DQ RXWSXW OD\HU ZLWK RQH 3( )LQDOO\ WKH GDWD IORZ LQWR WKH
RXWSXW OD\HU DQG WKH 3(V LQ WKH KLGGHQ DQG RXWSXW OD\HUV SHUIRUP WKH
FDOFXODWLRQV 7KH ZHLJKWV WKDW FRQQHFW WKH GLIIHUHQW OD\HUV DUH PRGLILHG LQ RUGHU WR PLQLPL]H WKH RYHUDOO HUURU $
FRPPHUFLDODUWLILFLDO LQWHOOLJHQFHFRPSXWLQJSDFNDJHZDVXVHG WRGHYHORS WKH$11PRGHOV7KHGHVFULSWLRQRI WKH
$11PRGHOFDQEHIRXQGHOVHZKHUH>@
&DOFXODWLRQRIHUURUV

7KHVWDQGDUGHUURURIWKHHVWLPDWHZDVXVHGWRPHDVXUH WKHDFFXUDF\RIWKHPRGHOSUHGLFWLRQV)RU WKHUHJUHVVLRQ
DQDO\VHVWKHVWDQGDUGHUURURIWKHHVWLPDWH6HZDVFDOFXODWHGDFFRUGLQJWR>@

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ZKHUH\L LV WKHPHDVXUHGYDOXH \Ö L LV WKHYDOXHSUHGLFWHGE\ WKH UHJUHVVLRQDQDO\VLVQ LV WKHQXPEHURIGDWDSRLQWV
XVHG DQG N LV WKH QXPEHU RI LQSXW YDULDEOHV1RWH WKDW QN LV WKH UHVLGXDO GHJUHHV RI IUHHGRP RI WKHPRGHO
8QIRUWXQDWHO\ WKH 6H LV QRW VXLWDEOH IRU FRPSDULQJ WKH GLIIHUHQWPRGHOV EHFDXVH WKH GHJUHHV RI IUHHGRPZHUH QRW
DYDLODEOH LQ WKH FDVH RI WKH$11PRGHOV:KHQFRPSDULQJ WKHPRGHOV LW LV LPSRUWDQW WR FRQVLGHU WKHPHDQ YDOXH
EHFDXVHSHUPDQHQWPRXOGFDVWLQJJLYHVEHWWHUPHFKDQLFDOSURSHUWLHVRXWSXWVWKDQWKDWRIVDQGPRXOGDQGWKHWKUHH
PHFKDQLFDOSURSHUWLHVKDYHYHU\GLIIHUHQWDYHUDJHYDOXHV7KH(OKDVUHODWLYHO\ VPDOOYDOXHVFRPSDUHG WR<6DQG
876 6LQFH WKH VWDQGDUG HUURU RI WKH HVWLPDWH GRHV QRW WDNH LQWR FRQVLGHUDWLRQ WKH PHDQ YDOXH RI WKH RXWSXW WKH
UHODWLYH VWDQGDUGHUURUZDVXVHG WRFRPSDUH WKHDFFXUDF\RI WKHGLIIHUHQWPRGHOV7KHUHODWLYH VWDQGDUGHUURU 56(
ZDVFDOFXODWHGXVLQJWKHIROORZLQJIRUPXOD>@
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:KHQHYHUWKHSUHGLFWHGGDWDZHUHFRPSDUHGWRWKHDFWXDOGDWDVHWDOLQHDUOHDVWVTXDUHVILWZDVFDOFXODWHGDQGWKH
OLQH ZDV IRUFHG WR JR WKURXJK WKH RULJLQ 7KH LQWHUFHSW ZDV VHW HTXDO WR ]HUR EHFDXVH LGHDOO\ ZKHQHYHU WKH
H[SHULPHQWDORXWSXWLV]HURWKHSUHGLFWHGYDOXHVKRXOGDOVREH]HUR7KH5DQGDGMXVWHG5YDOXHVZHUHFDOFXODWHGDV
D WRRO IRU DQDO\VLV RI PXOWLSOH UHJUHVVLRQ PRGHO >@ 7KH DGMXVWHG5 YDOXH WDNHV LQWR DFFRXQW WKH GHJUHHV RI
IUHHGRPLQWKHPRGHO8QOLNH5ZKLFKLQFUHDVHVRUUHPDLQVFRQVWDQWDVPRUHLQSXWYDULDEOHVDUHDGGHGWRWKHPRGHO
WKHDGMXVWHG5FDQLQIDFWGHFUHDVH:KHQWKHUHDUHRQO\DIHZLQSXWYDULDEOHV5DQGDGMXVWHG5ZLOOEHYHU\FORVH
EXWZKHQWKHUHDUHPDQ\LQSXWYDULDEOHVWKHDGMXVWHG5PLJKWEHQRWLFHDEO\ORZHU6LQFHWKHDGMXVWHG5SHQDOL]HV
FRPSOH[PRGHOV WKH IRUPHU LV D JRRG WRRO WR FRPSDUHPRGHOVZLWK GLIIHUHQW QXPEHUV RI LQSXW YDULDEOHV >@7KH
KLJKHUWKHDGMXVWHG5YDOXHWKHPRUHDFFXUDWHWKHPRGHOLV,WVKRXOGEHQRWHGWKDWDPRGHOZLWKPDQ\LQSXWYDULDEOHV
LVQRWQHFHVVDULO\ WKHEHVWPRGHODQG WKXVLWLVDVWDQGDUGSUDFWLFHWRWHVWWKHVLJQLILFDQFHRIHDFKFRHIILFLHQW,QWKH
SUVHVHQWVWXG\WKHLQSXWYDULDEOHVZHUHVHSDUDWHO\UHPRYHGIURPWKHPRGHOWRVHHLIWKHDGMXVWHG5ZRXOGLPSURYH

5HVXOWVDQG'LVFXVVLRQ
/LQHDUDQG1RQOLQHDU5HJUHVVLRQ$QDO\VLV

3ORWVRIWKHH[SHULPHQWDOGDWDDJDLQVWWKHSUHGLFWLRQVIRU<6E\OLQHDUUHJUHVVLRQDQDO\VLVIRUVDQGDQGSHUPDQHQW
PRXOGVDUHVKRZQLQ)LJXUH,QHDFKRIWKHWZRJUDSKVWKHOLQHRIEHVWILW LVSORWWHGDQGPDGHWRSDVVWKURXJKWKH
RULJLQ,WVHHPVWKDWSUHGLFWLRQVDUHUHODWLYHO\JRRGEXWWKHVWDQGDUGHUURUVDUHUHTXLUHGWRFRPSDUHWKHSUHGLFWLRQV
3( 3( 3( 3(
3( 3( 3(
3(
,QSXW
/D\HU
+LGGHQ
/D\HU
2XWSXW/D\HU

)LJ*HQHUDOVWUXFWXUHRIDQ$11PRGHO

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7KHYDOXHVRIWKHVWDQGDUGHUURUVRIWKHHVWLPDWHRIWKHPHFKDQLFDOSURSHUWLHVIRUPXOWLSOHOLQHDUUHJUHVVLRQDQDO\VLV
DUHJLYHQLQ7DEOH7KHHUURUDVVRFLDWHGZLWK(OIRUWKHSHUPDQHQWPRXOGLQ7DEOHLVKLJKHUWKDQWKDWIRUWKHVDQG
PRXOG+RZHYHUWKHVWDQGDUGHUURUVKRXOGEHFRQVLGHUHGLQUHODWLRQWRWKHDYHUDJH(,YDOXHV7KHDYHUDJHYDOXHRI
(OLVKLJKHULQWKHSHUPDQHQWPRXOGWKDQLW LVLQWKHVDQGPRXOG)RUWKLVUHDVRQWKHUHODWLYHVWDQGDUGHUURUVZHUH
DOVRFDOFXODWHGVHH7DEOH ,WFDQEHVHHQ WKDWIRUWKHSHUPDQHQWPRXOGFDVHWKH876LVSUHGLFWHGUHODWLYHO\ZHOO
XVLQJWKHPXOWLSOHOLQHDUUHJUHVVLRQDQDO\VLVLQFRPSDULVRQWRWKH<6DQG(OYDOXHV%DVHGRQWKHUHODWLYHVWDQGDUG
HUURUVWKH<6LVPRUHSUHFLVHO\SUHGLFWHGWKDQWKH(OKRZHYHUERWKSURSHUWLHVKDYHUHODWLYHVWDQGDUGHUURUVWKDWDUH
IDUWRRKLJKWREHFRQVLGHUHGSUHFLVH7KHVDPHWUHQGLVDOVRHYLGHQWLQVDQGPRXOGFDVH7KHWDEOHLOOXVWUDWHVWKDWIRU
ERWKSURFHVVHVWKH876KDVWKHVPDOOHVWUHODWLYHVWDQGDUGHUURUZKLOHWKH(OKDVWKHODUJHVWUHODWLYHVWDQGDUGHUURU

 
)LJ&RPSDULVRQRIOLQHDUUHJUHVVLRQPRGHOSUHGLFWLRQVYVDFWXDOGDWDRI<6IRUVDQGDQGSHUPDQHQWPRXOGV


7DEOH7KHVWDQGDUGHUURUVDQGUHODWLYHVWDQGDUGHUURURIWKHHVWLPDWHGPHFKDQLFDOSURSHUWLHVIURPGLIIHUHQWUHQWPRGHOV

 6WDQGDUG(UURURIWKH(VWLPDWH6H 5HODWLYH6WDQGDUG(UURU56(
 6DQG0RXOG 3HUPDQHQW0RXOG 6DQG0RXOG 3HUPDQHQW0RXOG
0RGHO
<6 876 (O <6 876 (O <6 876 (O <6 876 (O
/LQHDU            
1RQOLQHDU            
$11            

,W FDQ EH VHHQ LQ 7DEOH  WKDW WKH UHODWLYH VWDQGDUG HUURUV RI WKH PHFKDQLFDO SURSHUWLHV IRU WKH VDQG PRXOG DUH
VLJQLILFDQWO\KLJKHUWKDQWKRVHRIWKHSHUPDQHQWPRXOG7KLVLVGXHWRWKHODUJHUVFDWWHULQJLQSURSHUW\GDWDIRUVDQG
PRXOG FRPSDUHG WR SHUPDQHQWPRXOG&RPSDUHG WR VDQG FDVWLQJV WKH SHUPDQHQWPRXOG FDVWLQJV DUH VRXQGHU DQG
WKHLU SURSHUWLHV DUH KLJKHU GXH WR IDVWHU VROLGLILFDWLRQ UDWH ZLWK OHVV VFDWWHULQJ LQ SURSHUW\ GDWD ORZHU VWDQGDUG
GHYLDWLRQ7KHUHODWLYHVWDQGDUGHUURUVLQWKHSUHGLFWLRQRI(OIRUVDQGPRXOGFDVWLQJVDUHVLJQLILFDQWO\JUHDWHUWKDQ
WKRVHRIWKHSHUPDQHQWPRXOGFDVWLQJVEXWOHVVVLJQLILFDQW IRU WKH<6DQG876$OWKRXJKVRPHOLQHDUUHODWLRQVKLSV
PD\EHLQYROYHGLQWKHSUHGLFWLRQRIWKHPHFKDQLFDOSURSHUWLHVRI$OLQHDUUHJUHVVLRQDQDO\VLVGLGQRWSURYLGHD
JRRG RYHUDOO SUHGLFWLRQ RI WKH PHFKDQLFDO SURSHUWLHV ,GHDOO\ WKH PRGHO VKRXOG EH DEOH WR UHSUHVHQW WKH FRPSOH[
UHODWLRQVKLSVWKDWH[LVWDPRQJWKHYDULDEOHV

)LJXUHVKRZVKRZWKHPXOWLSOHQRQOLQHDUUHJUHVVLRQDQDO\VLVSHUIRUPHGLQFRPSDULVRQWRWKHDFWXDOH[SHULPHQWDO
GDWD7KHVWDQGDUGHUURUVRIWKHHVWLPDWHDQGUHODWLYHVWDQGDUGHUURUVDVVRFLDWHGZLWKWKHQRQOLQHDUHTXDWLRQVDUHJLYHQ
LQ7DEOH6LPLODUWROLQHDUUHJUHVVLRQDQDO\VLVWKHUHODWLYHVWDQGDUGHUURUVLQWKHSUHGLFWLRQRI(OIRUVDQGPRXOG
FDVWLQJVDUHVLJQLILFDQWO\JUHDWHUWKDQWKRVHRIWKHSHUPDQHQWPRXOGFDVWLQJVEXWOHVVVLJQLILFDQWIRUWKH<6DQG876

$ FRPSDULVRQ RI WKH UHODWLYH VWDQGDUG HUURU IRU OLQHDU DQGQRQOLQHDU UHJUHVVLRQ DQDO\VLV 7DEOH VKRZV WKDW WKH
QRQOLQHDU SUHGLFWLRQV DUH VXSHULRU WR WKH OLQHDU DQDO\VLV IRU DOO WKH PHFKDQLFDO SURSHUWLHV 7KHUHIRUH QRQOLQHDU
UHJUHVVLRQDQDO\VLVSURYLGHVDQRYHUDOO UHDVRQDEOHSUHGLFWLRQRI WKHPHFKDQLFDOSURSHUWLHV7KHQRQOLQHDU UHJUHVVLRQ
PRGHOZDVQRWGHYHORSHGWRWKHIXOOHVWH[WHQWGXHWRWLPHFRQVWUDLQV7KHDXWKRUVWHQGWRH[SORUHWKHVHDYHQXHVHYHQ
IXUWKHU LQ WKHLU IXWXUHZRUN+RZHYHU VPDOO DGMXVWPHQWV WR WKH UHJUHVVLRQPRGHOVZRXOG QRW GUDPDWLFDOO\ LPSURYH
WKHLUSUHGLFWLYHFDSDELOLWLHV
<66DQG0XOWLSOH/LQHDU5HJUHVVLRQ 5 
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 
)LJ&RPSDULVRQRIQRQOLQHDUUHJUHVVLRQPRGHOSUHGLFWLRQVYVDFWXDOGDWDRI<6IRUVDQGDQGSHUPDQHQWPRXOGV

$UWLILFLDO1HXUDO1HWZRUN$11$QDO\VLV

7KHGDWDIURPWKLVVWXG\ZHUHDOVRXVHGDVLQSXWLQWR$11PRGHOV7KHSUHGLFWLYHFDSDELOLWLHVRIWKH$11ZHUH
FRPSDUHGWRWKRVHRIWKHUHJUHVVLRQDQDO\VLV7KH$11PRGHOVZHUHPDGHXSRIDQLQSXWOD\HUWZRKLGGHQOD\HUVDQG
DQ RXWSXW OD\HU$Q LWHUDWLYH DSSURDFKZDV DSSOLHG WR RSWLPL]H WKH QXPEHU RI 3(V DQG KLGGHQ OD\HUV 7KH UHVXOWV
LQGLFDWHGWKDWDPRGHOZLWKKLGGHQOD\HUVZRXOG\LHOGRSWLPDOUHVXOWVDQGPLQLPXPVWDQGDUGHUURU7KHGHWDLOVRIWKH
$11PRGHOKDYHEHHQGLVFXVVHGHOVHZKHUH>@7KHGDWDVHWZDVUDQGRPO\GLYLGHGLQWRWZRVHJPHQWV2QHVHWZDV
XVHGWRWUDLQWKHPRGHOZKHUHDVWKHRWKHUZDVXVHGWRWHVWLW)LJXUHSORWVWKHH[SHULPHQWDOGDWDDJDLQVW WKH$11
SUHGLFWLRQV IRU<6 LQERWK WKH VDQG DQG SHUPDQHQWPRXOGV ,W LV VHHQ WKDW WKH$11SUHGLFWLRQV DUH UHODWLYHO\ YHU\
JRRG$FRPSDULVRQRIWKHUHODWLYHVWDQGDUGHUURULQ7DEOHVKRZVWKDWWKHHUURULQ$11SUHGLFWLRQRI(OIRUVDQG
PRXOG LV VOLJKWO\ KLJKHU WKDQ WKDW RI WKH SHUPDQHQW PRXOG EXW WKH HUURUV DUH DOPRVW WKH VDPH IRU 876 DQG <6
$OWKRXJK$11PRGHOVSURYLGHGWKHEHVWUHVXOWVWKHVHPRGHOVDUHFRPSOLFDWHGLQWKHLUDSSURDFKDQGGRQRWSHUPLWWKH
XVHUWRKDYHDIXOOFRQWURORIWKHPRGHOOLQJSURFHVVVLQFHWKH\DFWDVDEODFNER[DQGWKXVUHQGHUWKHPRGHOVKLGGHQ

 
)LJ&RPSDULVRQRI$11PRGHOSUHGLFWLRQVYVDFWXDOGDWDRI<6IRUVDQGDQGSHUPDQHQWPRXOGV

&RPSDULVRQRI5HJUHVVLRQDQG$110RGHOV

$FRPSDULVRQRIWKHPRGHOV¶SUHGLFWLRQVIURP)LJXUHVWRDQGWKHUHODWLYHVWDQGDUGHUURULQ7DEOHVKRZVWKDW
WKH$11PHWKRG LV VXSHULRU DQGPRUH DFFXUDWH WKDQ WKH OLQHDU DQGQRQOLQHDU UHJUHVVLRQ DQDO\VLV IRUERWK VDQGDQG
SHUPDQHQW PRXOGV 7KH SHUPDQHQW PRXOG SURFHVV JHQHUDWHV PRUH DFFXUDWH UHVXOWV FRPSDUHG ZLWK WKH VDQG PRXOG
SURFHVV IRU DOO WKH WKUHHPRGHOV0RUHRYHU876KDV WKH VPDOOHVW UHODWLYH VWDQGDUG HUURUZKLOH(OKDG WKH ODUJHVW
UHODWLYHVWDQGDUGHUURU7KHQRQOLQHDUUHJUHVVLRQSHUIRUPHGPDUJLQDOO\EHWWHUWKDQWKHOLQHDUUHJUHVVLRQ
&RQFOXVLRQV

'XH WR WKH ODUJHQXPEHURIYDULDEOHVDQG WKHFRPSOH[ LQWHUDFWLRQVEHWZHHQ WKHYDULDEOHV FRQYHQWLRQDOPRGHOLQJ
WHFKQLTXHV DUH QRW VXIILFLHQW WR ILQG WKH FRUUHODWLRQ EHWZHHQ LQSXWV SURFHVV YDULDEOHV DQG RXWSXWV PHFKDQLFDO
<66DQG0XOWLSOH1RQOLQHDU5HJUHVVLRQ 5
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SURSHUWLHV DQG WR SUHGLFW WKHPHFKDQLFDO SURSHUWLHV RI WKH$ DOOR\0XOWLSOH OLQHDU UHJUHVVLRQ DQDO\VLV IDLOV WR
SURYLGHDFFXUDWHSUHGLFWLRQVRIWKHPHFKDQLFDOSURSHUWLHVLQVDQGDQGSHUPDQHQWPRXOGVEHFDXVHRIWKHLQWHUDFWLRQV
EHWZHHQ WKH YDULDEOHV DQG WKH IDFW WKDW YDULDEOHV GR QRW QHFHVVDULO\ IROORZ D OLQHDU UHODWLRQVKLS LQ WKHLU UDQJH RI
LQWHUHVW 7KH PXOWLSOH QRQOLQHDU UHJUHVVLRQ DQDO\VLV DQG $UWLILFLDO 1HXUDO 1HWZRUNV LPSURYH WKH DFFXUDF\ RI WKH
SUHGLFWLRQV$PRQJWKHWKUHHPRGHOVWKH$11KDGWKHEHVWSUHGLFWLYHFDSDELOLW\

6LQFH1HXUDO1HWZRUNVKDYHWKHDELOLW\WROHDUQDERXWWKHFRPSOH[UHODWLRQVKLSVWKURXJKVXFFHVVLYHLWHUDWLRQVRIWKH
SUREOHPDWWKHWUDLQLQJVWDJHDVWKHWUDLQLQJVWDJHSURJUHVVHVWKHHUURUVDUHUHGXFHG7KHWUDLQLQJSURFHVVWKHKLGGHQ
OD\HUV DQG WKH ZHLJKWV DVVRFLDWHG ZLWK WKH QHXUDO QHWZRUN DOORZ WKH PRGHO WR EH GHYHORSHG ZLWKRXW D SK\VLFDO
XQGHUVWDQGLQJRUNQRZLQJWKHUHODWLRQVKLSVEHWZHHQWKHYDULDEOHV7KHHVVHQFHRIDQDFFXUDWHPRGHOOLHVLQLWVDELOLW\
WRGLVFHUQWKHQDWXUHRIWKHUHODWLRQVKLSVWKDWH[LVWDPRQJWKHYDULDEOHV/LQHDUUHJUHVVLRQRYHUVLPSOLILHVWKHFRPSOH[
UHODWLRQVKLSVZKLOH$11GHYHORSVWKHVHWKURXJKWKHWUDLQLQJSURFHVV

7KH QRQOLQHDU UHJUHVVLRQ DQDO\VHV JHQHUDWHG PRGHOV WKDW ZHUH OHVV DFFXUDWH WKDQ WKH $11 PRGHO EHFDXVH WKH
QRQOLQHDUUHJUHVVLRQDSSURDFKLVOLPLWHGE\KXPDQFDSDELOLWLHV7RSHUIRUPQRQOLQHDUUHJUHVVLRQDQDO\VLVDIXQFWLRQ
PXVW EH GHILQHG ZKLFK UHTXLUHV D SK\VLFDO PRGHO 7KH DFFXUDF\ RI WKH QRQOLQHDU UHJUHVVLRQ DQDO\VLV GHSHQGV RQ
ZKHWKHU WKH VSHFLILHG IXQFWLRQGHVFULEHV WKHXQGHUO\LQJ SK\VLFVZHOO7KH$11VLPSOLILHV WKHPRGHOLQJSURFHVVE\
HOLPLQDWLQJ WKH QHHG IRU WKHRU\ FRQFHUQLQJ WKH IXQFWLRQ *LYHQ WKH ODFN RI LQIRUPDWLRQ RQ UHODWLRQVKLSV DQG
LQWHUDFWLRQVEHWZHHQYDULDEOHVDQGWKHWKUHHRXWSXWVIRU$WKH$11JHQHUDWHGWKHPRVWDFFXUDWHPRGHOV

$FNQRZOHGJHPHQWV
7KH DXWKRUV ZRXOG OLNH WR DFNQRZOHGJH WKH DVVLVWDQFH RI WHFKQLFDO VWDII DW &DQPHW07/ 0F*LOO DQG 4DWDU
8QLYHUVLW\IRUWKHLUDVVLVWDQFHZLWKFDVWLQJKHDWWUHDWPHQWPLFURVWUXFWXUDOFKDUDFWHUL]DWLRQDQGPHFKDQLFDOWHVWLQJDV
ZHOODVILQDQFLDOVXSSRUWIURP4DWDU1DWLRQDO5HVHDUFK)XQG415)SURJUDP7KHDXWKRUVZRXOGDOVROLNHWRWKDQN
&ROOHJHRI1RUWK$WODQWLF4DWDUIRULWVVXSSRUW
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